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INTRODUCTION 

I n  t h e  v a r i o u s  p r o c e s s e s  f o r  t h e  d i r e c t  l i q u e f a c t i o n  of c o a l  a l i q u e f a c t i o n  
s o l v e n t  is employed which c o n s i s t s ,  a t  l e a s t  i n  p a r t ,  of a d i s t i l l a t e  b o i l i n g  i n  
t h e  200 x 500'C r ange .  The composition o f  t h i s  m a t e r i a l  can have a s i g n i f i c a n t  
e f f e c t  upon p rocess  per formance("2) .  In our work w i t h  SRC-I and H-Coal r e c y c l e  
o i l s ( * " ) ,  w e  found i t  d e s i r a b l e  t o  have a method f o r  s e p a r a t i n g  t h e s e  d i s t i l l a t e s  
i n t o  component c l a s s e s  which can be  q u a n t i f i e d  t o  p rov ide  a composi t iona l  a n a l y s i s  
o f  t h e  m a t e r i a l ,  i n  a manner s i m i l a r  to  t h e  SESC t echn ique ( ' ) .  
o f  t h i s  k ind  have been 
sequence o f  s o l v e n t s  of i n c r e a s i n g  p o l a r i t y .  We f e l t  t h a t  t he  chromatography of 
t h e s e  r e c y c l e  s o l v e n t s  on an ODS r e v e r s e  phase column might be advantageous  i n  avoid- 
i n g  t h e  problems of i r r e v e r s i b l e  a b s o r p t i o n ,  low s e l e c t i v i t y ,  and a l t e r a t i o n  of t h e  
sample which can occur  w i t h  t h e  a b s o r p t i o n  column. The b ina ry  g r a d i e n t  used wi th  
t h e  O D s  column o f f e r e d  much g r e a t e r  f l e x i b i l i t y  i n  terms of s o l v e n t  programming t o  
t a i l o r  t h e  s e p a r a t i o n  t o  a s p e c i f i c  type  of sample ,  than  was a v a i l a b l e  w i t h  t h e  
a b s o r p t i o n  method. 

Group s e p a r a t i o n s  
us ing  s i l i c a  o r  alumina columns w i t h  some 

Resu l t s  are p r e s e n t e d  on t h e  RPLC s e p a r a t i o n  of W i l s o n v i l l e  SRC-I s o l v e n t s .  
These d a t a  a r e  q u a n t i f i e d  and t h e  r e l a t i v e  amounts of t h e  e l u t e d  f r a c t i o n s  provide  
an  e x p l a n a t i o n  of t h e  r e l a t i v e  v a l u e s  o f  t h e s e  s o l v e n t s  as l i q u e f a c t i o n  media.  Re-  
s u l t s  a r e  a l s o  p r e s e n t e d  on t h e  RPLC s e p a r a t i o n  of H-Coal r e c y c l e  d i s t i l l a t e s .  It 
was found t h a t ,  f o r  t h e  RPLC e l u t i o n  program used ,  a s t r o n g  l i n e a r  c o r r e l a t i o n  
e x i s t s  between t h e  r e t e n t i o n  t i m e  of the  component and a " s t r u c t u r a l  vec to r "  con- 
s i s t i n g  of t e n  p a r a m e t e r s  which d e s c r i b e  t h a t  component 's  molecular  s t r u c t u r e .  This  
a l lows  one t o  p r e d i c t  t h e  r e t e n t i o n  t i m e  of a component of  i n t e r e s t  f o r  q u a l i t a t i v e  
i d e n t i f i c a t i o n ,  and can  a l s o  be used to  suppor t  t h e  i d e n t i f i c a t i o n  o f  a component 
observed t o  e l u t e  a t  a g i v e n  r e t e n t i o n  t i m e .  

EXPERIMENTAL 

S e p a r a t i o n  of N i l s o n v i l l e  So lven t s  

The W i l s o n v i l l e  s o l v e n t s  were sepa ra t ed  u s i n g  a 25 cm x 6.35 m ODS column 
from Lyon Technology. 
methanol /water  g r a d i e n t  i n d i c a t e d  a t  t he  top of t h e  chromatogram i n  F igu re  1. 
E lu t ed  f r a c t i o n s  were q u a n t i f i e d  us ing  a Pye-Ilnicam moving wire f lame i o n i z a t i o n  
d e t e c t o r ,  and component i d e n t i f i c a t i o n s  were made by C.C/MS a n a l y s e s  of each  f r a c -  
t i o n .  T h e  e l u t a n t  f low r a t e  was 1 .5  ml/min. The chromatogram w a s  d iv ided  i n t o  
twelve more-or-less a r b i t r a r y  f r a c t i o n s ,  t h e  f r a c t i o n  c u t p o i n t s  cor responding  t o  
minima i n  t h e  chromatogram. 

The sample was e l u t e d  from t h e  column us ing  a step-wise 

S e p a r a t i o n  of H-Coal Samples 

The H-Coal r e c y c l e  d i s t i l l a t e s  were s e u a r a t e d  on an  A l t e x  C-18 U l t r a s p h e r e  ODS 
column (25 cm x 4 . 6  ml). A s  above, f r a c t i o n s  were q u a n t i f i e d  us ind  the  Pye-Unicam 
FID. The e l u t a n t  f low r a t e  was 1 .0  ml/min, and t h e  e l u t i o n  sequence is shown i n  
F igu re  2.  
Twenty-eight f r a c t i o n s  c o l l e c t e d  from t h e  RPLC s e p a r a t i o n  of t h e  H-Coal samples ,  

A 2 n i n  g r a d i e n t  w a s  programmed f o r  each s t e p  change i n  s o l v e n t  s t r e n g t h .  
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a s  i n d i c a t e d  i n  F igure  2 ,  were ana lyzed  by GC/MS t o  make component i d e n t i f i c a t i o n s .  
Note t h a t  f o r  bo th  s e p a r a t i o n s ,  t h e  f i n a l  f r a c t i o n  was removed by a t e t r a h y d r o f u r a n  
(THF) f l u s h .  

RESULTS AND DISCUSSION 

W i l s o n v i l l e  SRC-I So lven t s  

In t h e  cour se  of a program on s h o r t  r e s i d e n c e  t i n e  l i q u e f a c t i o n  done under EPRI 
sponsorsh ip( ’ )  w e  r ece ived  r e l a t i v e l y  l a r g e  and r e p r e s e n t a t i v e  samples o f  W i l s o n v i l l e  
SRC-I r e c y c l e  d i s t i l l a t e s  over  a pe r iod  of f o u r t e e n  months. The f i r s t  sample ,  Batch 
I ,  was hydrogenated i n  a fixed-bed u n i t  t o  produce a s o l v e n t  i d e n t i f i e d  as Hydro 11. 
These w e r e  found t o  be a c c e p t a b l e  s o l v e n t s  f o r  bench-sca le  s h o r t  r e s idence  t i m e  l i que -  
f a c t i o n  work. The l a t e r  b a t c h e s ,  Batch 111 and V I ,  w e r e  found t o  be  u n a c c e p t a b l e  f o r  
use  i n  t h e  cont inuous  s h o r t  r e s i d e n c e  t i m e  bench-sca le  u n i t .  The r e s u l t s  o f  t h i s  work 
have been p resen ted  i n  c o n s i d e r a b l e  d e t a i l  e l sewhere( ’ ) .  For t h e  p r e s e n t  purposes  i t  
i s  s u f f i c i e n t  t o  no te  t h a t  Batch I and Hydro I1 s o l v e n t s  were s i g n i f i c a n t l y  s u p e r i o r  
t o  Batch 111 and V I  s o l v e n t s  i n  t e r m s  of t h e i r  a b i l i t y  t o  a c t  a s  hydrogen donor l i que -  
f a c t i o n  s o l v e n t s .  

The r e v e r s e  phase l i q u i d  chromatogram of Hydro I1 s o l v e n t  is shown i n  F igu re  1. 
Table  1 l i s t s  r e p r e s e n t a t i v e  compounds i n  each of t h e  twelve f r a c t i o n s  and t h e  approx- 
imate  weight p e r c e n t a g e  of each f r a c t i o n  a s  de te rmined  by t h e  FID d e t e c t o r  r e sponse .  
Because of the  h i g h  r e s o l u t i o n  of t h e  commercial ODS columns used i n  t h i s  s t u d y ,  t h e r e  
was e s s e n t i a l l y  no ove r l ap  of components even between two a d j a c e n t  f r a c t i o n s .  There- 
f o r e ,  t h e  f u n c t i o n a l  components occur  p r i m a r i l y  i n  f r a c t i o n s  1 through 5 ,  the nonfunc- 
t i o n a l  a romat i c s  i n  f r a c t i o n s  6 th rough 11 and t h e  s a t u r a t e d  hydrocarbons e x c l u s i v e l y  
i n  f r a c t i o n  12. Note a l s o  t h a t  t h e  sequence of d i a r o m a t i c s  ( e . g . ,  f l u o r e n e s ,  naphtha- 
l e n e s ,  d ibenzofurans)  beg ins  around f r a c t i o n  5 and each s u c c e s s i v e  f r a c t i o n  con ta ins  
t h e  next  a l k y l a t e d  homologue. Phenanthrene e l u t e s  i n  f r a c t i o n  7 and pyrene  i n  f r a c -  
t i o n  8 and aga in  t h e  a l k y l a t e d  homologues appear  i n  o r d e r  i n  success ive  f r a c t i o n s .  
Hydroaromatics appear  e a r l i e r  than  a l k y l  s u b s t i t u t e d  molecules  w i t h  t h e  same number 
of s a t u r a t e d  carbons .  Thus, d ihydrophenanthrene  e l u t e s  w i th  t h e  methylphenanthrene  
i n  f r a c t i o n  8 ,  and t e t r a  and oc tahydrophenanthrene  i n  t h e  next  two f r a c t i o n s .  Frac-  
t i o n  11 con ta ins  ve ry  h i g h l y  a l k y l a t e d  a romat i c s  ( e . g . ,  C 7  th rough C S  naph tha lenes ) .  

The RPLC d a t a  show a s t eady  i n c r e a s e  i n  t h e  amount of h e t e r o  molecules  ( p r i n c i -  
p a l l y  phenols and indano l s )  upon going from Batch I t o  Batch V I  s o l v e n t .  Taking f r a c -  
t i o n s  1 through 4 a s  a group,  p o l a r  molecules  inc reased  from 15.8% (Batch I) t o  20.0% 
(Batch 111) t o  27.1% (Batch V I ) .  Hydrogenation of Batch I decreased  t h e  p o l a r  f r a c -  
t i o n s  t o  10.0% (Hydro 11). A t  t h e  o t h e r  end of t h e  chromatogram, t h e  s a t u r a t e s  
approximate ly  double on going  from Batch I t o  Batch V I .  Hydrogenation of Batch I 
i n c r e a s e s  the  s a t u r a t e s  by about 507:. The hydroaromat ic  hydrogen donor molecules  a r e  
found p r i n c i p a l l y  i n  f r a c t i o n s  7 th rough 10. Batch 111 and Batch V I  s o l v e n t s  a r e  
dep le t ed  i n  t h e s e  f r a c t i o n s  r e l a t i v e  t o  Batch I and Hydro 11. 

The RPLC d a t a  on t h e  W i l s o n v i l l e  r e c y c l e  s o l v e n t s  can  be  r e a d i l y  r e l a t e d  t o  t h e  
The Batch I and Hydro I1 s o l v e n t s  a r e  q u a l i t y  of t h e s e  s o l v e n t s  a s  hydrogen donors .  

r i c h e r  i n  those  f r a c t i o n s  which c o n t a i n  t h e  p a r t i a l l y  hydrogenated a r o m a t i c s  which 
can  se rve  as hydrogen donors .  In Batch 111 and Batch V I  s o l v e n t s  t h e s e  f r a c t i o n s  a r e  
d i sp l aced  by t h e  monoaromatic phenols  and indano l s  and a l s o  by s a t u r a t e d  hydrocarbons.  
The more a l k y l a t e d  Batch 111 and Batch V I  s o l v e n t s  a r e ,  t h e r e f o r e ,  expec ted  t o  be  
b o t h  poorer  hydrogen donors and poore r  p h y s i c a l  s o l v e n t s  than  Batch I o r  Hydro 11. 

RPLC Sepa ra t ion  of H-Coal Recycle Dis t i l la te  

F igure  2 shows t h e  RPLC chromatogram of a d i s t i l l a t e  r e c y c l e  sample from Run 9 
of  t h e  H-Coal PDU, opera ted  by HRI i n  T ren ton ,  New J e r s e y .  T h i s  chromatogram was 
ob ta ined  as p a r t  o f  a program t o  ana lyze  r e c y c l e  o i l s  i n  the  H-Coal p rocess  and more 

69 



complete d e t a i l s  a r e  repor ted  elsewhere(3"").  The e l u t i o n  g r a d i e n t  used i s  shown 
a t  t h e  top  of F i g u r e  2 .  
l a t e ,  t h e  chromatogram shows h i g h e r  r e s o l u t i o n  and w a s  d iv ided  i n t o  28 f r a c t i o n s  a s  
opposed t o  t h e  1 2  used f o r  t h e  Wilsonvi l le  s o l v e n t .  The purpose of t h i s  was t o  ob- 
t a i n  a b e t t e r  q u a l i t a t i v e  i d e n t i f i c a t i o n  by GC/MS o f  t h e  components i n  t h e  H-Coal 
samples. We have found t h a t  t h e s e  components e l u t e  i n  a p r e d i c t a b l e  manner based 
on a s e t  of s t a n d a r d  parameters  ( i . e . ,  " s t r u c t u r a l  vec tors" )  which d e f i n e  the  mole- 
cu le .  
can support  i d e n t i f i c a t i o n s  and p r e d i c t  t h e  f r a c t i o n  which a given component w i l l  
e l u t e .  In a l l ,  we obta ined  mass s p e c t r a  f o r  over  500 components of t h e  H-Coal d i s -  
t i l l a t e .  Grouping isomers  a s  i n d i v i d u a l  components, t h i s  l i s t  is  reduced t o  153 
e n t r i e s .  Components are represented  as s t r u c t u r a l  v e c t o r s  f o r  c o r r e l a t i o n  w i t h  
r e t e n t i o n  times. The t e n  c a t e g o r i e s  used f o r  s t r u c t u r a l  components a r e  shown i n  
Table  2.  We b e l i e v e  t h e  l i s t i n g  i n  Table  2 is the  minimum number of parameters  
necessary  t o  s p e c i f y  each component t o  the  e x t e n t  t h a t  t h e  GC r e t e n t i o n  times and 
mass s p e c t r a  a l low i d e n t i f i c a t i o n .  That i s ,  h i g h e r  l e v e l  parameters  such a s  p o i n t s  
of a l k y l  s u b s t i t u t i o n  cannot  b e  der ived f o r  a l l  components from t h e  GC/MS d a t a ,  and 
are t h e r e f o r e  excluded.  

Because a b e t t e r  column was used f o r  the  H-Coal d i s t i l -  

By c o r r e l a t i n g  r e t e n t i o n  t imes wi th  v e c t o r s  which d e s c r i b e  t h e  molecules  w e  

Table  3 g i v e s  t h e  t e n t a t i v e  i d e n t i f i c a t i o n s  of  153 components which were cor- 
r e l a t e d  on t h e  b a s i s  of s t r u c t u r a l  parameters ,  wi th  r e t e n t i o n  t imes i n  t h e  RPLC run. 
The percentage  of each  f r a c t i o n  i n  the  RPLC chromatogram of  t h e  mixture  was de te r -  
mined from t h e  i n t e g r a t e d  response of t h e  Pye-Unicam moving w i r e  FID. The r e l a t i v e  
amounts of  each  component i n  a given f r a c t i o n  were determined from t h e  t o t a l  i o n  
chromatograms of t h e  GC/MS r u n s  used f o r  component i d e n t i f i c a t i o n s .  In most cases  
the  sum o f  t h e  percentages  of  t h e  components i n  a g iven  f r a c t i o n  does n o t  equal  100. 
This  i s  because:  (1) some f r a c t i o n s  conta ined  u n i d e n t i f i e d  components which were 
not  used i n  t h e  c o r r e l a t i o n ,  and (2) some of t h e  gas  chromatograms were of poor  
q u a l i t y  because of  t h e  small sample s i z e  a v a i l a b l e  and a c c u r a t e  q u a n t i t a t i o n  w a s  n o t  
poss ib le .  The percentages  of components i n  a g iven  f r a c t i o n  do a l low a d i s t i n c t i o n  
between major and minor components, and,  f o r  those  components which were found i n  
more than  one f r a c t i o n ,  show i n  which f r a c t i o n  t h e  m a j o r i t y  of  t h a t  component e l u t e s .  
The RPLC e l u a t e  was c o l l e c t e d  i n  28  f r a c t i o n s  and t h e  mean r e t e n t i o n  t i m e  of each 
f r a c t i o n  used i n  t h e  l i n e a r  m u l t i p l e  r e g r e s s i o n  c o r r e l a t i o n .  The c o r r e l a t i o n  co- 
e f f i c i e n t  i s  0.988 and t h e  s l o p e  of  t h e  observed v e r s u s  c a l c u l a t e d  r e t e n t i o n  times 
i s  0.976. No u s a b l e  GC/MS d a t a  were obta ined  f o r  f r a c t i o n s  1, 2 and 27. Frac t ion  
28, which i s  e l u t e d  wi th  THF, conta ins  naphthenes and normal and branched a lkanes  
from C I ~  through about  Cas. The average e r r o r  i n  t h e  c o r r e l a t i o n  i s  2.5 min. Since 
t h e  average f r a c t i o n  width is  over  4 min, and the  mean r e t e n t i o n  t i m e s  were used f o r  
each component i n  a given f r a c t i o n ,  we have a n  i n h e r e n t  e r r o r  of  f ' L 2  minutes i n  
t h e  observed r e t e n t i o n  times. 

The c a l c u l a t e d  r e t e n t i o n  t i m e  c o e f f i c i e n t s  a r e  given i n  'Cable 2. Fac tors  which 
i n c r e a s e  molecular  s i z e  (number of aromatic  r i n g s ,  a l i p h a t i c  and hydroaromatic 
carbons)  i n c r e a s e  t h e  r e t e n t i o n  time. Parameters  which reduce molecular  s i z e  (aro- 
mat ic  condensat ion,  hydroaromatic  r i n g s )  decrease  r e t e n t i o n  t i m e .  

Hydroxyls and b a s i c  and non-basic n i t r o g e n s  have s t r o n g  n e g a t i v e  c o r r e l a t i o n s .  
S u r p r i s i n g l y ,  e t h e r i c  oxygen h a s  a p o s i t i v e  c o r r e l a t i o n  c o e f f i c i e n t .  However, s i n c e  
only  two e t h e r s ,  d ibenzofurans ,  were de tec ted  t h i s  parameter  i s  u n c e r t a i n .  

That such a s t r o n g  l i n e a r  c o r r e l a t i o n  e x i s t s  between r e t e n t i o n  times and t h e  
ccr..^c..r", ------ i^ 1 _ 1 _ _  T L  1. 1 .-..--- 1 > . . -  . ~ 

----_---I- ,,.---...-.-..- aYLrL1=1Li6. L L  C I C a L I y  uspccrrucirc ULI s ~ l . v r r ~ i  yiubial 
used i n  t h e  RF'LC r u n .  However, we have developed similar c o r r e l a t i o n s  f o r  d i f f e r e n t  
s o l v e n t  programs and samples o t h e r  than H-Coal l i q u i d s .  Therefore ,  we conclude t h a t  
t h i s  so lvent  program is  n o t  unique.  This  sugges ts  t h a t  a d i f f e r e n t  program may pro- 
duce a p r e d i c t a b l e  s e p a r a t i o n  which may have s p e c i f i c  advantages f o r  t h e  problem a t  
hand. One u s e  of this method i s  as a pre-separa t ion  when the  i n t e n t  is t o  d e t e c t  
a s p e c i f i c  component. The approximate r e t e n t i o n  t i m e  can be c a l c u l a t e d  f o r  a g iven  
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component, and a f r a c t i o n  o f  the  RPLC e l u a t e  can be taken which covers  t h i s  re ten-  
t i o n  time. This  f r a c t i o n  can  then b e  analyzed,  probably by GC/MS, t o  determine i f  
t h e  component is  p r e s e n t .  This  w i l l  e l i m i n a t e  t h e  i n t e r f e r e n c e s  i n  the  GC from 
s t r u c t u r a l l y  d i s s i m i l a r  components w i t h  s i m i l a r  GC r e t e n t i o n  t i m e s .  This  method 
a l s o  a l lows  concent ra t ion  of  t h e  sample t o  improve s e n s i t i v i t y .  

CONCLUSIONS 

Reverse phase l i q u i d  chromatography i s  a promising method f o r  a n a l y t i c a l  O r  
p r e p a r a t i v e  s e p a r a t i o n  of c o a l  der ived  d i s t i l l a t e s .  
t i v i t y  of commercially a v a i l a b l e  ODS columns a l lows  s p e c i f i c  component classes ( e . g . ,  
p o l a r s ,  a romat ics ,  s a t u r a t e s )  t o  be s e p a r a t e d  wi thout  CKOSS contaminat ion.  A wide 
v a r i e t y  of e l u t i o n  programs i s  r e a d i l y  a v a i l a b l e .  The i n e r t n e s s  of  t h e  column sub- 
s t ra te  should minimize problems of i r r e v e r s i b l e  adsorp t ion  and chemical  a l t e r a t i o n  
Of sample components on the  column. The r a t h e r  unexpected r e s u l t  t h a t  r e t e n t i o n  
t i m e  can b e  a c c u r a t e l y  pred ic ted  on the  b a s i s  of  a s imple s t r u c t u r a l  r e p r e s e n t a t i o n  
of a component opens up i n t e r e s t i n g  p o s s i b i l i t i e s  f o r  refinement and a p p l i c a t i o n  of  
t h e  method. 

The high r e s o l u t i o n  and Selec- 
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Table 1 

Reverse Phase Liquid Chromatographic 
Separation of Wilsonville Solvents 

Fraction 

1 
2 
3 

4 
5 

6 

7 

0 

9 

10 

11 
12 

Wilsonville Batch,* 
approximate, wt X 

I 11 VI Hydro I1 - - _ _  Representative Compounds 

phenol, cresols 0.9 1.0 0.7 
quinoline, indole, indanol, xylenols 2.2 2.1 4.7 
methyl indanols, C3-phenols, methyl. quinoline 4.4 6.7 9.0 
carbazole, C+ + Cs-phenols, Cs-indanols 8.3 10.2 12.7 
methyl carbazoles, diphenylether, Cz-quinolines, 8.3 8.2 8.6 
naphthalene 

dibenzothiophene, dibenzofuran, Cz-carbazole, 
fluorene, acenaphthene, methylnaphthalene, 
biphenyl, tetralin 

methyl fluorene, Cz-naphthalene, C1-tetralin, 
phenanthrene 

C1-phenanthrene, C3-naphthalene, pyrene, di- 
hydrophenanthrene 

tetrahydrophenanthrene, phenyl naphthalene, 
Cs-naphthalene, Cz-phenanthrene, Ca-biphenyl 

octahydrophenanthrene, C. + Cs-naphthalenes, 
CI + Cz-tetrahydroacenpahthenes, C1-phenyl 
naphthalene, Cs-biphenyl, C3 + C!,-tetralins 

highly alkylated aromatics 
saturated hydrocarbons 

* FID detector response 

2.5 5.5 2.0 

14.2 12.2 6.7 

11.7 4.6 6.5 

7.0 6.2 5.6 

30.3 28.9 21.7 

3.2 2.5 7.2 
7.1 11.8 14.6 

Table 2 

Structural Parameters and Coefficients for Reverse Phase 
Liquid Chromatogram of H-Coal Hydroclone Overflow Distillate 

Coefficient, 
Structural Factor (Xi) min, (Ci) 

Constant 
Number of 
Degree of 
Number of 
Number of 
Number of 
Number of 
Number of 
Number of 
Number of 
Number of 

Aromatic Rings 
Condensation 
6-Membered Saturated Rings 
5-Membered Saturated Rings 
Alkyl Carbons 
Naphthenic Carbons 
Hydroxyl Groups 
Ether Oxygens 
Non-Basic Nitrogens 
Basic Nitrogens 

Retention Time = 1 CiXi 

72 

i 

-10.45 
24.28 
-5.35 
-3.80 
-4.86 
8.78 
8.79 

-25.26 
11.53 

-11.23 
-28.53 

0.1 
1.1 
2.3 

6.5 
7 ..9 

1.3 

13.8 

9.4 

4.2 

37.2 

5.1 
10.9 



Tobl:  3. Con.?onent Identifications - RPLC Separation o f  H-Coal 
Hydroclone Overflow Distillate - PDU Run 9 - Period 20 

1.5 

1 
1.0 I 
1.6 

1 
1.9 I 
2.2 

i 
ill 
4 i l  2.7 

I 

Cn-Phenol 
Indole 
Indanol 
C >-Phenol 
Ci-Indanol 
Cz-Quinoline 
Phenylphenol 
Ck-Phenol 
Ci-Phenylphenol 
Cz-Indanol 
Ci-Indole 
Carbazole 
Cu-Phenol 
Cz-Indanol 
Ci-Phenylphenol 
Cs-Phenol 
C3-Indanol 
Cz-Phenylphenol 
Ci-Carbazole 
Cs-Phenol 
Ci-Phenol 
C3-Indanol 
Cu-Quinoline 
C 1-Acridine 
Cz-Carbazole 
Cz-Acridine 
Cs-Phenol 
Cb-Indanol 
Cz-Carbazole 
Cz-Acridine 
CI-Azapyrene 
C1-Phenylphenol 
Cz-Naphthalene 
Acenaphthene 
Fluorene 
Dihydroanthracene 
Phenanthrene 
C3-Carbazole 
Cz-Naphthalene 
C1-Acenaphthene 
C1-Fluorene 
Dihydrophenenachrene 
Phenanthrene 
Ci-Dibenzofuran 
Benzindan 
Ci-Tetralin 
Tetrahydroacenaphthene 
C3-Naphthalene 
Ci-Fluorene 
Ci-Phenanthrene 
Cyclopenta (d,e,f) Phenanthrene 
Fluoranthene 
Pyrene 
Ci-Dibenzofuran 
Cu-Carbazole 
Cn-Biphenyl 
Ci-Acenaphthene 

48 6. 1 10.2 4.1 
2 9.9 0 . 4  

47 10.0 1 0 . 2  

34 14.9 16.3 1.4 
58 18.8 -2.5 

2 12.9 3.4 
20 23.7 -1.9 

-5.8 
2 18.1 3 .1  

18 22.0 -0 .3  

10 23.1 25.4 1 . 7  
40 27.6 
5 21.6 f -::: 

2 21.8 1 -5.5 

21 32.4 

5 30.4 -0.4 
20 30.8 -0.8 

1 32.4 36.7 4.3 
6 41.3 

11 36.4 1 -,":4' 
2 39.3 -2.6 
3 31.9 
1 39.6 

10 40.7 

-1.0 
21 4 .6  

3.4 
12 40.2 3.9 
12 39.2 4.9 
16 50.3 49.4 -1.0 
5 65.5 3.9 

25 42.0 7.3 
1 51.9 

35 51.7 
1 48.3 1.Q 
1 50.3 52.2 1.8 
2 54.2 -2 .1  

10 50.8 
6 51.9 
2 51.7 
1 53.6 -1.4 

70 54.2 -2.1 
1 53.9 55 
1 57.8 

15 59.1 
20 50.8 
7 60.5 
2 55.6 
7 52.2 
1 59.9 
1 53.6 
2 57.1 
1 55.7 

30 54.2 

1.0 
-2.9 
-4.1 
4.2 

-5.5 
0.7 
2 . 8  

-5.0 
1.4 

-2.2 
-0.7 
0.7 

7 3  



T a b l e  3 .  (continued) 

+ " 

" 

C3 -Naphthalene 
Pyrene 
C1 -Phenanthrene 
Phenylnaphthalene 
C, -Fluorene 
C2 -Fluorene 
C2 -Biphenyl 
Dihydropyrene 
C1 -Phenanthrene 
C1 -Dihydrophenanthrene 
C2 -Acenaphthene 
C1 -Bemindan 
C3 -Biphenyl 
Tetrahydrophenanthrene 
Acephenanthrene 
Cr -Naphthalene 
C2-Tetralin 
C1 -Dihydrophenanthrene 
C2 -Fluorene 
C 1  -Tetrahydroacenaphthene 
C, -Fluoranthene 
Cs -Carbazole 
CI -Phenanthrene 
Tetrahydropyrene 
CS -Biphenyl 
Cz-Acenaphthene 
Tetrahydrofluoranthene 
C1 -Bemindan 
Cs -Naphthalene 
C2-Phenanthrene 
C1 -Pyrene 
Chrysene 
Acephenanthrene 
Tetrahydrocyclopenta (d,e,f) 
Phenanthrene 

C2-Fluorene 
C1 -Bemindan 
C2-Dihydrophenanthrene 
C, -Phenanthrene 
C1 -Dihydropyrene 
C1 -Pyrene 
Chrysene 
CI-Tetrahydrophenanthrene 
C2 -Bemindan 
Tetrahydrocyclopenta (d,e,f) 
Phenanthrene 

Cu - i i i p i i e u y i  
C,-Fluorene 
Cz-Dihydrophenanthrene 
Ci -Pyrene 
CZ -Phenanthrene 
C1-Tetrahydropyrene 
CI -Chrysene 
Cz -Fluoranthene 

2 
28 
38 
6 
3 
8 
5 

33 
9 
5 
7 
3 
1 

21 
9 
3 
1 
8 
6 
1 
1 
1 
1 
1 
4 

22 
1 

13 

1 
31 
24 
3 
3 
1 

11 
5 
4 

23 
12 
30 

1 
1 
3 
7 

" 
4 
1 

40 
20 
4 
1 
4 

59.1 
59.9 
60.5 
57.0 
50.8 
59.6 
55.7 

65.5 
60.5 
60.6 
63.0 
63.0 
64.4 

64.1 
64.4 
67.9 
62.7 
60.6 
59.6 
66.6 
61.0 
65.9 
60.5 
65.6 
64.4 
63.0 
64.6 
63.0 

67.9 
69.3 
68.7 
70.6 
64.4 
68.0 

59.6 
63.0 
69.4 

69.3 
74.2 
68.7 
70.6 
72.9 
71.8 
68 .O 

-- - 
I > . L  

68.4 
69.4 

68 .7  
69.3 
74.4 
79 .4 
69.4 

.11 
* O 1 1  

6: 

6! 

70.6 

? 

1 

-0 .7  
-1.6 
-2.1 

1.3 
7.6 

-1.2 
2.7 

-4.8 
0.2 
0.0 

-2.4 
-2.4 
-3.8 

-1.2 
-1.5 
-4.9 
0 .2  
2.3 
3.3 

-3.7 
2.0 

-3.0 
2.4 

-2.7 
-1.5 
-0.1 
-1.6 
-0.1 

-1.4 
-2.8 
-2.2 
-4.2 
2.1 

-1.5 

6.9 
3.5 

-2.9 

-0.1 
-5.1 
0.4 

-1.5 
-3.7 
-2.7 

1.1 

-4 .  i 
0.8 

-0.3 

1.9 
1 .3  

-3.8 
-8.8 
0.9 
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T a b l e  3 .  (continued) 

19 

7 

20 

21 I 
'i 
' i 

1 
' i  
25 

26 + 
27 

28 

5 . 5  

T 

7 . 6  

3 . 0  I 
' i l  
' i 7  
I 

3 .0  

6 . 5  + 
10 .2  

1 1 . 0  

Cs-Tetralin 
C5 -Naphthalene 
CJ -Phenanthrene 
C2 -Pyrene 
C1 -Dihydropyrene 
Cp-Phenylnaphthalene 
C2-Tetrahydroacenaphthene 
C1-Tetrahydrobenzindan 
C2-Tetrahydrophenanthrene 
CJ-Acenaphthene 
Octahydrophenanthrene 
C5-Naphthalene 
CJ-Phenanthrene 
C2 -Pyrene 
C1-Chrysene 
Benzpyrene 
C2-Dihydropyrene 
C1 -Dihydropyrene 
Cr-Acenaphthene 
CZ-Tetrahydrophenanthrene 

Tetrahydrochrysene 
Ck-Chrysene 
Benzpyrene 
C6-Naphthalene 
CJ-Phenanthrene 
C4 -Tetralin 
Dihydrobenzpyrene 
Cr-Phenanthrene 
C3 -Pyrene 
C2-Chrysene 
Benzchrysene 
C3 -Pyrene 
C4-Phenanthrene 

Cg -Tetralin 
CI-Octahydrophenanthrene 
Cs-Phenanthrene 
c6 -Tetralin 
C6-Tetralin 
CJ-Octahydrophenanthrene 
Cs-Phenanthrene 
C,-Pyrene 

Cg -Phenanthrene 
C5-Pyrene 
No Components Identified 
Alkanes and Naphthenes 

1 71.5 73 
4 76.6 
8 78 .0  
1 77.5 
8 74.2 
1 74.6 
1 75.4 

72.9 
75.4 
71 .8  

8 2 .4  
-2 .8 
-4 .2 
-3.7 
-0.4 
-0.8 
-1.5 

1 .0  
-1.6 

2 .1  

1 76.5 79 .0  2 . 6  
4 76.6 2.4 

15 78.0 1 .o 
14 77.5 1.5 

2 7 9 . 4  - 0 . 4  
1 78.9 -0.1 

93  .o -4.0 
7 74.2 4 . 8  

80.6 -1.5 
a i  .6 T -2 .6 

5 83.0 8 3 .  
8 79.4 
1 78.9 
1 85.4 

14 78.0 
1 80.2 
1 84.4 I 7 0.7 

4 . 3  
4 . 8  

-1.7 
5,7 
3 .5  

-0.7 

21 86.8 8 7 . 1  0 . 3  
11  8 6 . 3  0 .8 

1 89.6 90 i4  34:~ 0.8  
19 86 .3  
8 86.8 

8 89 .0  5 . 4  
9.2 

-1 .2 
2 97.8 -3.4 

5 .o 
11  95 .6  3.5 

7 95 .0  4 .O 

2 104.4 106.6 2 .3  
11  103.8 + 2.8 

2 88.2 1 - 1 . 1  
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Figure 1 .  RF'LC of Wilsonville Hydro I1 SRC-I Solvent 
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Figure 2 .  WLC of H-Coal Hydroclone Overflow D i s t i l l a t e  (Period 20 - PDU Run 9) 
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